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ABSTRACT 

An ultrasonic fuel injection system for internal combus 
tion engines comprising a plurality of fuel injection 
nozzles, a piezoelectric transducer operatively associ 
ated with each nozzle, an oscillator for producing an 
ultrasonic signal for driving the transducers, and gating 
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means responsive to control pulses produced in depen 
dence upon engine operating conditions for feeding the 
transducers with signal bursts from the oscillator. 
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ELECTRONIC DRIVE SIGNAL DISTRIBUTION 
ARRANGEMENT FOR A FUEL INJECTION ' 

SYSTEM: ‘ 

This invention relates to fuel injection systems for 
internal combustion engines and‘ more especially it re 
lates to such systems for use in conjunction with inter 
nal combustion engines having ultrasonic fuel injection 
facilities. 
According to the present invention an ultrasonic fuel 

injection system for an internal combustion engine com 
prises a plurality of fuel injection nozzles, a piezoelec 
tric transducer operatively associated with each nozzle, 
an oscillator for producing an ultrasonic signal for driv 
ing the transducers, and gating means responsive to 
control pulses produced in dependence upon engine 
operating conditions for feeding the transducers with 
signal bursts from the oscillator. 
The internal combustion engine may have more than 

one combustion chamber there being provided at least 
one fuel injection nozzle for each chamber, the trans 
ducers operatively associated therewith being fed se 
quentially. Alternatively the internal combustion engine 
may have only one combustion chamber provided .with 
two or more nozzles fed from the gating means sequen 
tially or contemporaneously. In this latter arrangement 
one nozzle may be utilised for starting ‘purposes and 
may be supplemented by one or more additional nozzles 
under load conditions. - t 

The nozzles are preferably of the kind which incor 
porate a ball normally biassed against a valve seat in 
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sealing engagement by fuel pressure and released to ' 
admit fuel to a combustion chamber consequent upon 
the application of an ultrasonic electric drive signal to 
the transducer with which the nozzle concerned is op 
eratively associated. , 

Thus in a system having more than one combustion 
chamber each nozzle is fed‘in turn with a burst of pulses 
from the oscillator, the engine speed-‘being determined 
in dependence upon the length of the bursts. 
The control pulses, one of which initiates each signal 

burst fed from the oscillator to one of the transducers, 
may be produced by a. magnetically operated device 
such as a reed relay, a reed operating magnet .or mag 
nets being ?xed to a suitable moving part of the engine 
to produce control pulses which can be used to indicate 
the commencement of each induction stroke. For exam 
ple one or more magnets may be connected to rotate 
with the cam shaft of an OHC engine so as sequentially 
to operate reed relays and produce the required pulses. 
Another technique for deriving such pulses may com? 
prise a toothed wheel arranged to rotate with the engine 
and to originate pulses as each tooth passes a sensor 
such as an induction coil or opto coupler or the like. 
The wheel may produce pulses at a frequency which is 
a multiple of the required frequency pulses produced 
being fed to a divider to produce the correct rate, one 
tooth may be longer than the other in order to indicate 
top dead centre. In an alternative arrangement a Hall 
effect device may be used triggered by a rotating mag 
net operatively associated with the engine. 
The length of each signal burst from the oscillator is 

controlled in dependence upon engine operating condi 
tions and one method of control is to adjust the pulse 
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length in dependence upon engine revolutions on the 
one hand and throttle butter?y angle on the other hand. 
Signals may be produced from a simple rotary potenti 

ometer to indicate butterfly angle and from a tacho 
generator to indicate engine revolutions the two param 
eters being computed to control the length of the oscil 
lator signal bursts. 
An alternative method of controlling the length of 

the oscillator signal bursts is to control the burst in 
dependence upon engine manifold pressure as com 
pared with atmospheric pressure. 
The gating means may comprise a plurality of triacs 

one associated with each transducer, the traics being 
connected so that pulses from the oscillator are fed to 
the transducers via the triacs which are conduction 
controlled in dependence upon the control pulses.» 
The control electrodes 0r gatesof the triacs may be 

fed with the control pulses each via an opto coupler 
which affords good isolation. 

In one arrangement the opto couplers each comprise 
an input photodiode optically coupled to an output 
photo transistor and are arranged to feed the triacs with 
which they are operatively associated each via a cou 
pling transistor. . t 

A power supply for the opto coupler and for the 
coupling transistor may comprise a winding coupled to 
the oscillator and arranged to feed the opto coupler and 
the coupling transistor via a recti?er which may consist 
of a diode bridge circuit connected to operate as a full 
wave rectifier, a dummy load being provided to load 
the oscillator so as to start the oscillator and to maintain 
oscillatory output even in the event that one of the 
triacs does not conduct to load the oscillator with its 
associated transducer. 

Various types of photo coupler may be used and one 
contemplated alternative type of photo coupler includes 
a coupling transistor connected in a Darlington con?gu 
ration to the photo transistor. 
Exemplary embodiments of the invention will now be 

described with reference to the accompanying draw 
ings in which: 
FIG. 1 is a circuit diagram of a system for feeding a 

plurality of ultrasonically driven fuel injection nozzles 
' from -a single oscillator, 

FIG. 2 is a waveform diagram appertaining to the 
operation of the circuit shown in FIG. 1, and 
FIG. 3 is a circuit ‘of an alternative opto coupler 

con?guration for use in the circuit shown in FIG. 1. 
Turning now to FIG. 1, four transducers 1, 2, 3 and 4 

are shown fed via triaces 5, 6, 7 and 8 respectively. The 
triaces 5 through 8 are fed via busbars 9 and 10 from an 
output transformer 11 of an ultrasonic drive oscillator. 
Resistors 11 and 12 and capacitor 13, shown within the 
broken line 14 which encloses components forming part 
of the oscillator, de?ne three arms of a bridge circuit, 
the other arm of which is formed by a load presented to 
the busbars 9 and 10 by one or other of the transducers 
1 through 4 depending upon which of the triacs 5 to 8 is 
conductive. In the event that none of the triacs is con 
ductive, a dummy load is provided by resistor 15 which 
is permanently connected across the busbars 9 and 10. 
The control electrodes 50, 6a, 7a and 8a of the triacs 5 
through 8 are fed through coupling transistors 16, 17, 18 
and 19 respectively, the coupling transistors 16 through 
19 being fed via opto couplers 20, 21, 22 and 23 respec 
tively. Each opto coupler comprises a photo diode 24 
and a photo sensitive transistor 25. The opto couplers 20 
through 23 are fed via input lines 26, 27, 28 and 29 
respectively. 
With the arrangement just before described a control 

pulse on line 26 will operate the photo coupler 20, the 
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couplingtransistor 16 and the triac 5 which conducts to 
couple the transducer 1 to the busbars 9, 10 on which 
the oscillator signal is applied. Thus it will be appreci 
ated that one or other of the transducers 1 through 4 is 
driven in dependence upon- which of the lines 26 
through 29 a control pulse is applied to. Power for the 
opto couplers and the coupling transistors is derived via 
a winding 30 inductively coupled to the oscillator and 
feeding the opto couplers 20 to 23 and coupling transis 
tors 16 to 19 via a diode fullwave bridge recti?er shown 
schematically at 31. ~ Since the oscillator is always 
loaded via the busbars 9, 10 with the dummy load 15 the 
oscillator will always start even if none of the transduc 
ers are connected via a triac to the busbars and so power 
may be fed via the winding 30 to the fullwave recti?er 
31 when the oscillator is required to start. The oscillator 
comprises amplifying components shown within the 
block 32 and feedback components 33. . 
The operatin of the circuit will now be described 

with reference to the waveform diagrams shown in 
FIG. 2. Referring now to FIG. 2, the induction stroke 
periods are shown as periods-P1, P2, P3 and P4, one 
period appertaining to each cylinder. A control pulse 
generation arrangement is provided which operates 
synchronously with the engine to produce the control 
pulse trains A, B, C and D which are applied to the lines 
26, 27, 28 and 29 respectively. The pulse trains may be 
produced by any convenient method such as, for exam 
ple, by means of reed relays which are operated sequen 
tially by a magnet coupled to some rotary part of the 
engine such as the cam shaft. The oscillator is synchro 
nously controlled by means of pulses applied to line 34 
to produce bursts of oscillation as shown in waveform 
E. Fuel is admitted to the combustion chamber only 
during the periods of the pulses E and thus it is neces 
sary that the length of the pulse E be controlled in 
accordance with the operating requirements of the en 
gine. Various methods of adjusting the pulse length 
have hereinbefore been mentioned. But any convenient 
method of adjustment may be utilised. 

Various modi?cations may be made to the arrange-7 
ments shown without departing from the scope of the 
invention and as shown in FIG. 3, wherein parts corre 
sponding to those shown in FIG. 1 bear the same nu 
merical designations, an alternative photo coupler con 
?guration may be provided as shown within the broken 
line 35 wherein a coupling transistor 36 is connected in 
a Darlington con?guration with a photo sensitive tran 
sistor 37 and optically coupled to a photodiode 38. 
Other parts of the circuit correspond with those parts 
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4 
shown in FIG. 3 so that the opto coupler is arranged to 
feed the triac 5, the other triacs 6, 7 and 8 being simi 
larly connected to opto couplers not shown. 
As shown in the drawing, the transducers l to 4 may 

be shunted with capacitors la Ito 4a to compensate for 
manufacturing tolerances so that each transducer pres 
cuts the same impedance to its associated triac. 
What we claim is: 
1. An electronic drive signal distribution arrangement 

for use in an ultrasonic fuel supply system for an inter 
nal combustion engine, said engine adapted to produce 
control pulses dependent on engine operating condi 
tions, comprising: 

a plurality of piezo-electric transducers each adapted 
to be coupled with a fuel injection nozzle for sup 
plying fuel to the internal combustion engine; 

an oscillator for producing an ultrasonic signal for 
driving the transducers; 

a plurality of triacs, each triac associated with a sepa 
rate transducer; 

means for connecting said triacs with said oscillator 
so that signal bursts from the oscillator are fed to 

_} the transducers via the triacs; 
opto-coupler means for controlling the conduction of 

said triacs in dependence upon the control pulses; 
and 

a plurality of capacitors, each capacitor being 
shunted with a particular transducer, said capaci 
tors chosen so that the capacitance presented to 
each triac is substantially the same. 

2. An electronic drive signal distribution arrangement 
as claimed in claim 1 wherein the opto coupler means 
comprise a plurality of opto couplers, each opto coupler 
comprising an input photo diode optically coupled to an 
output photo transistor, and a plurality of coupling 
transistors, each coupling transistor interconnecting 
said output photo transistor to an associated triac. 

3. An electronic drive signal distribution arrangement 
as claimed in claim 2 further comprising power supply 
means for supplying electrical power to said opto cou 
plers and coupling transistors comprising a winding 
electrically coupled to said oscillator, a diode full wave 
bridge recti?er connected to said winding, and means 
for interconnecting said recti?er to said opto couplers 
and coupling transistors. 

4. An electronic drive signal distribution arrangement 
as claimed in claim 3 wherein each coupling transistor is 
connected in a Darlington con?guration to the photo 
transistor. 
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